Abstract. Uncertain partial differential equation is a type of partial differential equation driven by Liu processes. This paper first provides two methods for solving the first order linear uncertain partial differential equation and the inverse uncertainty distribution of solution is discussed. Moreover, on the basis of the study of uncertainty theory and the propagation process of internet public opinion, three types of internet public opinion (IPO) problem are proposed based on uncertain partial differential equation. Finally, some numerical examples are given. 
tion for uncertain partial differential equation. In 66 Section 5, three types of IPO models are proposed.
67
Section 6 gives some numerical examples. Section 7 68 contains a brief summary to this paper. 
Preliminary

70
This section will introduce some basic concepts 71 and properties in uncertainty theory which will be 72 used in this paper. 
The triplet ( , L, M) is called an uncertainty 82 space.
83
Liu [2] defined the uncertain measure on the 84 product σ-algebra:
85
(4) (Product Axiom) Let ( k , L k , M k ) be uncertainty spaces for k = 1, 2, · · · . The product uncertain measure M is an uncertain measure satisfying
where k are arbitrarily chosen events from
86
L k for k = 1, 2, · · · , respectively. 
has an inverse uncertainty distribution 
109
It is clear that C t is a type of stationary independent increment process which has a normal uncertainty distribution
and a inverse uncertainty distribution
U n c o r r e c t e d A u t h o r P r o o f In this section, we will provide two methods for solving the first order linear uncertain partial differential equation
Analytic method:
134
Theorem 5. Let a(t, x), b(t, x) and c(t, x) be functions of two variables with a(t, x)
≡ 0, b(t, x) / = 0, f (t, x,Ċ t ) is a function withĊ t := dC t dt , C t
is a Liu process. Then the uncertain partial differential Equation (2) which is equivalent to
has a solution 135
U(t, x)
is an arbitrary function.
Proof. Since b(t, x) /
= 0, the uncertain partial differential Equation (3) is that
At first, both sides of the Equation (5) are multi-
139
plied by a factor exp(
142
Integrate t, then the partial differential equation (6) 143 has a solution 144
U(t, x)
where g(x) is an arbitrary function.
148
Thus, the theorem is verified.
149
Example 1. Consider the uncertain partial differential equation
At first, we have b = 1, c = 0, and f (t, x,Ċ t ) = 150 x + t +Ċ t .
151
It follows from Theorem 1 that the solution is
,
152
Numerical method:
to the set of real numbers, and
to the set of real numbers. Then the uncertain field
is composite, if 
is a general Liu process and has the following uncer- It is clear that 
171
It follows from Theorem 4 that
Take Equations (12) Based on the Theorems 5 and 6, we can get a numerical method for the first order linear uncertain partial differential equation 
. Let a(t, x), b(t, x) and c(t, x) be functions of two variables with a(t, x) /
= 0, b(t, x) / = 0, f (t, x,Ċ t )
is a function witḣ
C t := dC t dt , C t is a
U n c o r r e c t e d A u t h o r P r o o f X. Gao and L. Fu / Methods of uncertain partial differential equation with application
the method can be summarized as follows:
180
Step 1: Variable substitution
where
Step 2: Turn the Equation (15) Step 3: Turn the Equation (18) to the new equation:
where ξ = ϕ(t, x) is the solution of first order homogeneous linear uncertain partial differential equation
Step 4: By using Theorem 5, we get the solution
185
U(ξ, η) of Equation (20);
186
Step 5: The solution U(t, x) is obtained by the initial
188
Example 2. Consider the uncertain partial differential equation
At first, we have a = 1, b = 1, c = 0, and
190
Variable substitution 
193
Turn the Equation (21) to the new equation:
By using Theorem 5, we have
That is,
Since U(0, x) = 0, we have
Example 3. Consider the uncertain partial differential equation
At first, we have a = 1, b = −5, c = 1, and By using Theorem 5, we have
U n c o r r e c t e d A u t h o r P r o o f 6 X. Gao and L. Fu / Methods of uncertain partial differential equation with application
U(t, x) = g(5t + x)exp(−t) + C t .
Since U(0, x) = ω(x), we have
Hence
U(t, x) = ω(x)exp(−t) + C t .
Inverse uncertainty distribution of solution
202
for uncertain partial differential equation 203 In this section, we will give the inverse uncertainty 
U(t, x) = F (t, x, C t ) is the solution of the first order linear uncertain partial differential equations
⎧ ⎨ ⎩ a(t, x) ∂U ∂x + b(t, x) ∂U ∂t + c(t, x)U = f (t, x,Ċ t )
U(0, x) = ω(x). (23) If F (t, x, c) is a strictly increasing function with respect to c, then the uncertain field U(t, x) has an inverse uncertainty distribution
is the inverse uncertainty distribution of standard 207 normal uncertain variable.
208
Proof. Since C t is a normal uncertain variable N(0, t), it follows from Theorem 1 that F (t, x, C t ) has an inverse uncertainty distribution
is the inverse uncertainty distribution of standard nor-209 mal uncertain variable. F (t, x, c) is a strictly decreasing function with  respect to c, then the uncertain field U(t, x) has an inverse uncertainty distribution
210
Theorem 8. Let α be a number with 0 < α < 1, U(t, x) = F (t, x, C t ) is the solution of the first order linear uncertain partial differential equations
is the inverse uncertainty distribution of standard 211 normal uncertain variable.
212
Proof. Since C t is a normal uncertain variable N (0, t), it follows from Theorem 1 that F (t, x, C t ) has an inverse uncertainty distribution 
At first, it has a solution
It follows from Theorem 7 that
which is shown in Fig. 1 . At first, it has a solution
It follows from Theorem 8 that
which is shown in Fig. 2 . Soaring model:
(29)
where U(0, x) is that the opinion has just been put on 
Theorem 9. If C t is a Liu process, then the uncertain field
is a solution of soaring model
Proof. Variable substitution 
246
Turn the Equation (31) to the new equation:
From Theorem 5, we have
252
Since U(0, x) = 1, we have
253
Theorem 10. Let α be a number with 0 < α < 1,
(33) Then the uncertain field U(t, x) has an inverse uncertainty distribution
where tion with respect to c.
257
is the inverse uncertainty distribution of standard nor-258 mal uncertain variable.
259
Stationary model:
where c is a constant represents the maximum number 
270
Recession model: This model is suitable for the end of IPO problem.
273
It is clear that every opinion will die out. As time goes 274 on, the flexibility of propagation will go down, and 275 the number of propagation times will decrease until 276 the opinion disappears from the internet.
277
Theorem 11. If C t is a Liu process, then the uncertain field
U(t, x) = ω(x)exp(−axt) + bC t (38) J(ϕ, ψ) = ∂(ϕ, ψ) ∂(t, x) = ∂ϕ ∂t ∂ϕ ∂x ∂ψ ∂t ∂ψ ∂x 279 = −1 1 1 0 = −1 / = 0.
280
Turn the Equation (39) to the new equation:
287
Theorem 12. Let α be a number with 0 < α < 1,
(40) then the uncertain field U(t, x) has an inverse uncertainty distribution
is the inverse uncertainty distribution of standard 288 normal uncertain variable.
289
Proof. At first, f (t, x, c) is a strictly increasing func-
290
tion with respect to c.
291
is the inverse uncertainty distribution of standard nor-292 mal uncertain variable. 
which is shown in Fig. 3 . if it is controlled. Obviously, it fits the recession 304 model.
305
The domain experts give the growth rate is a = 
